. The lens circulation and its molecular components. A: the overall pattern of current and water flow in the lens. Circulating Na ϩ currents enter the lens at both the anterior and the posterior poles and exit at the equator (red lines). This movement of solute (Na ϩ ) drives a movement of solvent (water) which follows a similar pathway (blue lines). B: the molecular components that facilitate the entry and exit of water and Na ϩ from the lens. The inward Na ϩ current enters the lens along the extracellular spaces and crosses over into the fiber cell cytoplasm through a leak conductance which may be facilitated by Cx46 hemichannels. The inward water flow enters the lens along the extracellular spaces and crosses over into the fiber cells through AQP0 channels. Both the outward Na ϩ current and the water movement follow an intercellular pathway, flowing from cell to cell together through gap junction channels to reach the equatorial epithelium, where the Na ϩ -K ϩ -ATPase pumps Na ϩ out of the lens to complete the current loop and AQP1 transports the water out to complete the fluid loop. driven by its electrochemical gradient to move into the fiber cells, where the direction of flow is reversed and the current flows back to lens surface through gap junction channels (3, 8) . Gap junction coupling is concentrated at the equator in peripheral fiber cells, directing the Na ϩ current to the equatorial epithelium, where Na ϩ -K ϩ -ATPase activity pumps Na ϩ out of the lens to complete the circulatory loop. Fluid circulation follows the Na ϩ current to create a microcirculatory system that carries nutrients into the fiber cells and allows removal of metabolic waste (Fig. 1A) .
The majority of the channels and transporters that contribute to the microcirculation have been identified (Fig. 1B) . In the epithelium, aquaporin1 (AQP1) and the Na ϩ -K ϩ -ATPase mediate the efflux of water and sodium, respectively. Connexins couple the fiber cells to each other and to the epithelium, and aquaporin0 (AQP0) facilitates water uptake into the fibers. The only major component yet to be defined molecularly is the leak conductance that allows Na ϩ movement into the fiber cells from the extracellular space (3, 8) . It had been speculated that Cx46 hemichannels could fulfill this role, and compelling electrophysiological evidence has indicated that Cx46 hemichannels are present in lens fiber cell membranes (5, 6) . In addition, permeation studies have shown that Cx46 hemichannels display a substantial preference for cations over anions and are highly permeable to Na ϩ (11). By examining the intracellular trafficking, gap junctional conductance and hemichannel activity of the D3Y and L11S mutations in Cx46 associated with human congenital cataract, Tong et al. made observations suggesting that Cx46 may play multiple roles in the lens microcirculation, including a possible role for hemichannels (10) .
Beginning by looking at gap junction channels, the investigators observed that both of the mutations localized to gap junction plaques in transfected HeLa cells, spurring them to analyze channel function in Cx46 cRNA injected Xenopus oocytes. D3Y and L11S both failed to induce gap junctional coupling when expressed in oocyte pairs alone, and they also abolished gap junctional coupling when coexpressed at an equal ratio with wild-type Cx46, suggesting a dominant negative effect. In addition, measurement of whole cell currents in single oocytes showed that D3Y exhibited reduced hemichannel activity in addition to altered voltage gating and charge selectivity, whereas cells expressing L11S showed no hemichannel activity at all. The loss of Cx46 intercellular channel activity would obviously compromise the flow of water and Na ϩ back to lens surface through the intercellular gap junction channel network. The reduction in hemichannel activity could also potentially compromise the influx of Na ϩ into the fiber cells through the leak conductance, if this is in fact mediated by Cx46 hemichannel activity. For L11S, which lacked any hemichannel activity, this scenario is entirely plausible. For D3Y, this situation is even more intriguing due to alterations in the charge selectivity of the mutant channels. Even though D3Y retained reduced levels of hemichannel activity, the authors were able to show that the mutation had profoundly altered the ionic selectivity so that D3Y hemichannels were now much more permeable to anions than cations. The combined effects of a net reduction in overall hemichannel activity, with a large relative reduction in Na ϩ permeability, would also allow the D3Y mutation to fit the hypothesis that Cx46 hemichannels mediate the Na ϩ leak conductance in lens fibers.
Mutations in lens connexins are a major cause of human hereditary vision loss, accounting for ϳ20% of all nonsyndromic hereditary cataract (9) . Genetic studies have identified a large number of cataract-causing mutations in Cx46, but there are still substantial gaps in our knowledge about all of the potential roles played by this connexin in preventing cataract in the normal lens. The work presented by Tong et al. in this issue suggests a new physiological role for connexin hemichannels in lens homeostasis, but it also raises new questions. Will all Cx46 cataract mutations show altered hemichannel activity? If not, will there be correlations in cataract severity between those that do and those that do not? Only further experimentation will tell if half of a lens gap junction channel is truly better than none.
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